Abstract-The paper presents a VIPRO versatile, intelligent and mobile latform for robots developed through adaptive networked control, using an original virtual projection method which involves the representation of modern mobile robots in a 3D virtual environment. The Cartesian robot workspace, which is learned using an adaptive neuro-fuzzy control for the prediction of desired references was generate. In correlation was used a strong robotic simulator, an open architecture system and adaptive networks over the classical control system of the robot.
I. INTRODUCTION
Robots can be considered an intelligent system that interacts with the environment through effector sensors [1] - [4] . To model the surrounding world, it is necessary for a robot to collect data through the sensors over a period of time. Any type of sensor can generate errors. From the point of view of this definition, one might say that man is also a robot.
Man "interacts" with the environment through sensors and effectors, represented in the biological world by nerve endings, respectively muscles.
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been continuously in the spotlight on robotics research. The premise into the use of robots was that robots' performances have been greatly improved in recent years [5] , [6] .
It is known that robots have become of great help in the industry, where they have begun to replace people in activities involving heavy work or major life-threatening dangers, such as for example, fires, terrorist actions, earthquakes [7] , [8] . In this context, even if fire detection is executed by aerial robots, drone, the terrestrial robots are used to acquisition data from the proximity of the event and to process the local images [9] - [12] .
All Terrain Robots (ATR) are the category of mobile robots capable of delivering excellent performance on any kind of land [13] , [14] . They are able to navigate on any kind of on rough and heavy terrain. They mainly have wheels or tracks for locomotion. The ATRs have different mechanisms to overcome different obstacles with variable sizes. It is always desirable for ATRs to be autonomous, to feel the environment with their own sensors and make decisions on their own by applying intelligent algorithms, based on the information received.
The goal was to conceive and build a mobile robot with good running capabilities, good adhesion on flooded or harsh terrain, will have the ability to avoid the obstacles with variable dimensions, will be able climb / descend the stairs, the ability to traverse trenches / crevices and generate stable motion on a rough surface. A large number of researchers have attempted to design certain ATRs using computer simulations, but because of the huge complexity involved in building them, the creation of real ATRs has been limited [14] - [16] .
In this context, the Virtual, Intelligent, Portable research environment applied to Robots (VIPRo), is developed as a new component on the IT market, which allows researchers in robotics, IT, electronics, mechatronics, social science and humanities etc. to design, test, and experiment intelligent, real time control methods integrating classical control system in robot modelling and simulation [17] - [19] .
Intelligent heterogeneous robot networks, remotely controlled by humans, do have an increasingly important role in hazardous and challenging environments, where human lives might be at risk. This is in fact the challenge of developing autonomous systems perceptive to human requirements and having the ability of continuous learning, adapting and improving in "real world" complex environments, so as to provide support in natural disasters, fires, or other calamities [20] , [21] . The paper presents a VIPRO versatile, intelligent and mobile platform for robots, using an original virtual projection method which involves the representation of modern mobile robots in a 3D virtual 
II. VIPRO PLATFORM ARCHITECTURE
The VIPRO platform presents a new concept through approaches of applied solid mechanics in mobile autonomous robots stability for adapting the robot movements to unstructured rough terrain.
The mobile robot is an agent endowed with autonomous motion in unfamiliar and unstructured environments that operate autonomously, communicate and explore its environment. Mobile robots are complex systems that work in real-world environments, requiring an adaptive control system to control real-time robots for action as they wish.
A robot can be considered as a mathematical relation of actuated joints which ensures coordinate transformation from one axis to the other connected as a serial link manipulator where the links sequence exists.
Intelligent strategy systems, such as fuzzy logic, neural networks and genetic algorithms, have been used to equip the robot with intelligence in order to navigate in an environment or autonomously. Different hybrids of these strategies have been successfully deployed on mobile robots [22] - [24] .
The VIPRO method enables the design, testing and experimentation of new intelligent control interfaces on a classical mechatronic control system (SCMC) in the presence of the physical mechatronic system (SMF), with own control system and mechanics structure, or in the absence thereof, without the need to modify its hardware structure, and, from optimal decisions and information fusion between the intelligent control interfaces, resulting in a high degree of versatility and portability to a global communications network.
The control system architecture is presented in correlation with the control strategy which contains three real-time control loops: balance robot control, walking diagram control and predictable movement control.
The remote control and e-learning software with the possibility of access throughout the internet as a web application within an international academic network is developed For the fusion of information received from various sensors, information that can be conflicting in a certain degree, the robot uses the fuzzy and neutrosophic logic or set.
In a real time it is used a neutrosophic dynamic fusion, so an mobile autonomous robot can take a decision at any moment.
Various methods / control strategies are known for dynamic walking of humanoid robots based on the generation of walking models taking into account the stable point trajectory of zero moment point (ZPM) and ensure robot's stability (balance) through real-time control loops (Fig. 1 ) [17] , [18] , [20] , [22] , [23] .
Since actual ZPM trajectory is different from the desired ZPM trajectory due to disturbances such as surface irregularities, sensory errors and imperfect dynamic model of the humanoid robot, more control systems based on sensory feedback are required. Fuzzy logic controllers have been proven to be robust, relatively easy to design and, although a unified algorithm for parameter selection and optimization is still sought after, leading to various algorithms for the optimization of fuzzy inference systems' parameters, such as genetic algorithms and neural networks. This approach has led to a new direction relevant to the development of intelligent control techniques for rehabilitation robots through Neuro-fuzzy modelling and is a very convenient tool for simulating systems whose mathematical formulae are unknown or very complex specific to the top technologies of rehabilitation robots. Relevant directions focused on the key technologies, specific for rehabilitation robots applied on the VIPRO platform, include:
• Research on upper limb rehabilitation 6-DOF robot control strategies, using a generalized shoulder joint that meets the large working space of human upper limb and multi-joint movement; • Research on lower limb gait rehabilitation strategies using intelligent control methods for specialized rehabilitation robots; • Research on ankle rehabilitation for strains and sprains using specialized and intelligent control methods;
Research using EEG and EMG to create an interface between the neurological respectively muscular functions of patients and rehabilitation robots, so that the rehabilitation robots will be improved and their efficiency increased.
VIPRO platform applications are focused on the development of a key technology using advanced rehabilitation techniques and cutting-edge equipment, through intelligent control strategies, advanced and cutting-edge theories by combining fuzzy logic for joint control and neural networks with genetic algorithms for the top level feedback loop control mechanisms [21] , [23] .
By this approach have been brought innovative solutions to the investigation of the upper limb rehabilitation robot with 6-DOF, mainly to control the large working space of human upper limb and multi-joint movement, using a generalized shoulder joint and advanced intelligent control strategies developed, and kinematics and mechanical structure of the rehabilitation robot (Fig. 2) . Starting from previously applications using ANFIS to 2D model and 3D mechatronics systems, has been explored applications with encouraging results and adapted to a robotic system suited to the particular needs of this larger rehabilitation robot project, will bring a number of innovative control structures on the open architecture system, correlated with the implementation of the virtual projection method.
The VIPRO innovative platform is competitive with other similar virtual application platforms CDA, CAM, CAE, Solid Works or MatLab, Simulink, COMSOL, Lab View, but in addition to these platforms, it allows researchers to design, test, and experiment intelligent, real time control methods integrating classical control systems in robot modelling and simulation. The obtained results lead to the conclusion that the VIPRO platform is to be integrated on the IT market as a new component alongside the existing ones, allowing a correct evaluation of robot behaviours in hazardous or challenging environments and high level real-time simulation in order to correctly model interactions among the robots and between the robots and the environment.
In this context, it is necessary to simulate mechatronic systems and to choose their proper algorithms as well. Mobile robot's 3D simulation has to reproduce the real system dynamics and the environment, as accurate as possible.
Another aspect to be taken into account when the 3D model is created is the interaction between various mechatronic systems that can change the dynamic for the new resulted system.
III. ADAPTIVE NEURO-FUZZY CONTROL INTERFACES WITH REHABILITATION ROBOTS APPLICATIONS
Fuzzy logic is widely used worldwide as a landmark of artificial intelligence. Fuzzy logic is characterized by relative simplicity in design and implementation, the development of robust applications based on the emulation of the available expertise. To optimize the fuzzy deduction systems parameters many genetic algorithms and neural networks are developed.
The scientific relevance to develop a of a neuro-fuzzy control interface results of cutting-edge key technologies researches of the rehabilitation robots focused on improving the he mechatronic rehabilitation limbs device for the elderly with disabilities or dysfunctions. The end result will advance the state of the art by implementing intelligent algorithms, robotic environment virtualization and advanced control techniques.
The aging population problem is becoming increasingly
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serious, and the elderly are the main risk group for cerebrovascular disease, hemiplegia and paraplegia. These disorders often result in motor dysfunctions of the elderly, which highlights the urgency of the need for rehabilitation robots. The robotic systems have found application in rehabilitation due to their high accuracy, long-lasting resistance and a wide range of forces and movements. Numerous lower limb rehabilitation robots have been developed. The current version of the mechatronic device can be improved by using artificial intelligence techniques, a concept already explored in published papers [22] , [23] . Testing and validating these results in a laboratory-controlled environment would improve the current state of the art and facilitate the development and prototyping of a final product.
A relevant direction is the introduction of intelligent optimization methods for 9 degrees of freedom rehabilitation robots (DOFs), based on the medical condition of each patient. Manipulation of a large amount for processing data may be ineffective, as is the case of the Jacobi's matrix that requires high processing time and big physical memory. The paper aims to reduce the impact of this problem with optimizing data requirements by implementing an ANFIS interfaces.
Fuzzy logic is well established presence in artificial intelligence implementations due to its robust behavior and unclear event modeling capability. There is a wide range of intelligent algorithms that can be used to optimize the meta-parameters of a fuzzy or neutroscopic inference system. A promising research direction is the development of intelligent control techniques for neuro-fuzzy rehabilitation robots, very convenient for simulating systems for which the mathematical apparatus is unknown or very complex, such as the last generation rehabilitation robots.
Adaptive Neuro-Fuzzy Control Interfaces using the Versatile Intelligent Portable Robot Platform applies to 7 DOF rehabilitation robots.
Using the RoboAnalyzer software [25] , we can visualize the modeling kinematic chain with the schematic in Figure 3 . The same program offers the direct kinetics investigation and Denavit-Hartenberg equations as well as limited dynamic analysis capabilities.
The direct kinematics, necessary to determine the end-effector position in the three-dimensional Cartesian space, knowing totally or partially the variables values in the robotic space, is determined with the relation: Because of the relatively large number of variables the step was chosen to generate numeric values for each larger variable. Practically, a limited number of values are used for each variable, because the number of points generated by generating any possible combinations between them can make it difficult to run the algorithm under the available processing power.
For Relationships for modeling the direct kinematics chain are shown in Fig. 4 . Since the calculation of the robot inverse kinetics, determined by the relationship (2):
Which identifies the actual margins on the robot axes at a known effector position in the three-dimensional Cartesian space are laborious, requiring large resources on the computer and high execution time, it was necessary to use artificial intelligence methods.
The inference system was constructed using the basic values for the initialization meta-parameters, with the most important meta-parameters presented below: 1) number of membership functions for each variable (base value: 4) 2) Type of membership functions for each variable (base value: Gaussian) 3) How to generate the initial inference system (base value: grid partitioning) Three options for how to generate the inference system were analyzed: 4) Grid partitioning (GP) 5) Subtractive clustering (SC) 6) Fuzzy c-means clustering (FCM) Using the direct kinematics equation with all possible combinations resulting from the values generated for the actuated variables of degrees of freedom, the robotic workspace of Fig. 4 was obtained.
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The fuzzy inference system obtained was iteratively optimized to improve the ability to emulate the learned system's behavior. The algorithm allows to specify a number of rolling options, such as the maximum number of iterations ("epochs"), the initial step processing value, optimization method (hybrid or reverse propagation, classical for neural networks), and specification of a data set for validation.
Relationships for inverse kinematics involving the ANFIS inference system are shown in Fig. 5 . In technical terms, validation prevents the over-optimization trend present in any learning algorithm with an extended parameter space. In the context of the current application, this option will increase the learning error because the algorithm will run on a giant data set that will be harder to approximate correctly.
The virtual application for optimizing Adaptive Neuro-Fuzzy Control Interfaces using the Versatile Intelligent Portable Robot Platform is shown in Figure 7 . The implementation of the application has led to the following steps: user-friendly visual environment, learning opportunity, workspace visualization, FIS visualization, parameterization, example run, learned model (FIS) export.
We can see the resolution at which this space is generated, compared to those generated for the other models considered. This space will be learn by the ANFIS algorithm for each variable in the robotic space. The optimization problem has a learning set up to 20.000 data points that will be divided between the learning set (70%), the validation set (20%) and the test set (10) %).
By this approach to the investigation of the upper limb rehabilitation robot with 7-DOF, mainly to control the large working space of human upper limb and multi-joint movement, have developed a generalized shoulder joint and advanced intelligent control strategies.
IV. CONCLUSIONS
Robotic systems have found their way into the rehabilitation robot field. They are highly accurate, can be sustained for very long periods of time, can automatically feedback the progress, and perform a wide range of forces and motions, and several lower limb rehabilitation robots could have been developed.
The Adaptive Neuro-Fuzzy Control Interfaces using Versatile Intelligent Portable Robot Platform aims to reduce this issue by optimizing the numerical amount of data applying ANFIS algorithm. Fuzzy Logic has long been used in academia and in industry and is one of the more palpable staples of artificial intelligence in use in the world today.
Based on the variable workspace, trajectory planning of the arbitrary curve, the largest linear motion and the largest circle motion methods has been investigated. All the training trajectories can make the hip joint and knee joint motion ranges the same with those of unaffected people.
The VIPRO interface is a software application that allows the user to access and develop various real time control programs in simulation environment, combining the virtual environment and/or the real environment. 
